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Figure 1: Flowchart 



Initially, the entire Job is a 
single large Task. Muttiple 
smaller Tasks are created by 
splitting large Tasks. 



Ttie new Tasks created by 
splitting a single Parent Task 
are called Buddy Tasks. 



RES(Task) is a measure of 
the computational resources 
required to execute the Task 



RES(Task)i8toolargeifit 
exceeds the resources 
avaSable on this computer 



GRAN(Task) Is a measure of 
the fraction of the overall 
computational effort 
represented by the Task 



GRAN(Task) is too large If ft 
exceeds some fraction of the 
total number of processors 
estimated to be available for 
work on the computation. 



I Executing Task creates the 
j corresponding Present Result 



If Task has no Buddy, then 
Present Result is the final result 
and the computation is complete. 
Otherwise, Parent Task's Result 
is the merger of Present Result 
with Buddy's Result Afterwards. 
Parent Task replaces Task and 
Parent Task's Result replaces 
Present Result 



Mark 
Present Result 

as READY 
and add ft to the 

Result List 



f START ^ 
^y^TURBOBLAST J 



Box A 



Take a Task from 
the Task List, if 
there are none, 

wait for task or for 
a signal to exit 



Mark each new 
task as the other 
one's Buddy. Mark 
Task as the Parent 
of each new task. 



Add one new task 
to the Task List. 
Replace Task with 
the other new task. 




Estimate 
RES(Task) 



Split into 2 
tasks, each 
with smaller 
RES(Task) 
estimates 



—Yes 



|BoxB| 



Split into 2 
tasks, each 
with smaller 
GRAN(Task) 

estimates 



-Yes 



BoxC 




Replace 
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with 
Parent Task 



Replace 
Present Result 
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Parent Task's 

Result 
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BoxD 
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Result and 
Compute 
Parent Task's 
Result 
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Signal any waiting | 
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Figure 2 

Rectangular Representation of Searching Tasl(s 




(a) Representation of one Task searching a (b) Representation of one Task searching 

single sequence against 2 databases 3 sequences against 2 databases 



r~7 
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Figure 3 (Part 1 of 7) 
Detailed illustration of Method Applied to a Searching Task 

Legend 



Each of the lettered subfigures (3(a) through 3(q)) shows the representation of the entire searching task at a particular 
time point during a sample operatton of the method of the invention when run on two processors. In addition to the 
representation of the tasks, each part of Figure 3 also shows the contents of 2 important lists on the bulletin board (I.e., 
the Task List and the Result List) and indicates the cun-ent activities for each of the two participating processors at the 
corresponding instant of time. The processor activities are correlated with Figure 4, which illustrates the details of the 
processor activity and Includes a time line that is con-elated to the subfigures of this figure. The information below 
describes the markings used throughout Figure 3, and it describes the Task naming convention used in both figures. 



Task Naming: The Entire Task Is "Task 1". j 

Tasks created by splitting larger divisions are denoted by j 
names using dotted notation In which either the Parent 
Task's name Is extended with a period (".") followed 
either by a capital letter or an Arabic numeral. 

Capital letters are used when vertical splitting is 
performed based on RES(Task). as when Task 1 .A and 
Task 1 .B denote the two tasks created by subdividing 
Task1. 



Arabic numerals are used when horizontal splitting Is 
performed based on GRAN(Task), as when Task 1 .A.1 
and Task 1 .A.2 denote the two tasks created by 
subdlvingTaskLA. 



Portion of Task searching 
against Database 1 



I 



Portion of Task searching 
against Database 2 



READY Task on READY List 



Executed Task still on processor 



Completed Task 
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Figure 3 (Part 2 of 7) 



U-RES(Task1)-*| 
I DB-1 OB-2 I 




SEQ-3 



Entire Tasl< searching 3 sequences 
against 2 databases 



Processor 1: Currently idle 
Prcx^ssor 2: Currentty Idle 



Task List 




Reautt List 


Taski 








Taskl.B 



Processor 1: Done dividing Task I.B. About to work on Task 1 A 
Processor 2: Currentty idle. About to work on Task 1 .B 



Processor 1 divides Tasic 1 
verticaliy (Flowcliart Box B); 
keeps Task 1.A 




SEQ-1 



SEQ-2 



SEQ-3 



Processor .1 divides Task 1.A 
horizontaily (Box C); k eps and 
begins executing Task 1 A1 



Task Ust 
Task1A2 



ResvUUst 



Processor 1: Done dividing Task 1.A. About to work on Task 1A1 
Processor 2: Currentty dividing Task I.B 
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Figure 3 (Part 3 of 7) 




SEQ-1 



SEQ-2 



SEQ-a 



Processor 2 divides Task 1 .B 
vertically (Box B); Iceeps Task 
1.B.A 



TasK List 

Task 1 A2 
Task 1.B.B 



BssulLilst 



Processor 1 : Executing TasK 1 .A.1 

Processor 2: Done dividing Task 1.8; about to divide Task 1.B.A 




Task 1 A2 
Task1.B.B 
Ta8k1.BA2 



Processor 1 : Executing Task 1 .A.1 

Processor 2: Done dividing Task IB. A; about to execute Task 1.B.A.1 



Processor 2 divides Task 1 .B.A 
horizontally (Box C); keeps and 
begins executing Task 1.B.A.1 




SEQ-1 



SEQ-2 



SEQ-3 



Processor 1 completes Task 1.A.1 
(Box D); marks it READY (Box A) 



Task List 

Task 1.A.2 
Task1.B.B 
Task 1.B.A.2 



Result Ust 
Task 1. A.1 



Processor 1: Done executing Task 1.A.1; about to execute Task l.B.A.2 
Processor 2: Done dividing Task 1.B.A; about to execute Task 1.B.A.1 
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Figure 3 (Part 4 of 7) 



-J RES U- 
-^RES 



RESU- 
DB.1 ' DB^ ' 




SEQ-1 



SEQ.2 



SEQ-3 



Processor 2 completes Task 1 .BA1 
(Box D): marks it READY (Box A) 



Task List 

Task1A2 
TaslcLB.B 



Task 1.A.1 
Taskl.B.A.1 



Processor 1: Executing Task 1.B.A.2 

Processor 2: Done executing Task 1.B.A.1 ; about to execute Task 1 .A.2 



-J RES U- 

-y RES - 



RESI^ 
DB-I ' DB-2 ' 




SEQ-1 



SEQ-2 



SEQ-3 



Processor 1 
(BoxD) 



Task 1.B.A.2 



Task Ust 
Task 1.B.B 



Result List 

Task 1.A.1 
Taskl.BAI 



Processor 1: Done executing Task 1.BA.2; about to merge with result of 
Task tBAI 

Processor 2: Executing Task 1 .A.2 




SEQ-1 



SEQ^ 



SEQ-3 



Processor 1 merges result for Task 
1 .BA2 with resuit for Buddy Task 
1 .B.A. 1 , th reby computing result for 
Parent Task 1 .B.A (Box E); marks 
Task 1 .B.A READY since Buddy Task 
1.B.B is not READY 



TesK list 
Taskl.B.B 



Result List 

Task 1 A1 
Task 1.BA 



Processor 1: Done forming result for Task I.BA; about to divide Task 1.B.B 
Processor 2: Executing Task 1 .A.2 
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Figure 3 (Part 5 of 7) 




Processor 2 completes Task 1.A.2 
(Box D) 




Result List 

TasklAI 
Taskl.B.A 



Processor 1: Dividing Task 1.B.B 

Processor 2: Done executing Taslt'f A.2; about to merge with result of Task 1.A.1 




r I SEQ-1 



SEQ-2 



^ I SEQ^ 



Processor 1 divides Tasl< 1.B.B 
horizontally (Box C); keeps Task 
1. B.B.I 



1 



RES I 



DB-1 DB-2 




SEQ-1 



SEQ-2 



I SEQ*3 



Proc ssor 2 merges result for Task 
1 .A.2 with result for Buddy Task 1 .A.1 . 
th reby computing result for Parent 
Task 1 .A (Box E); marks Task 1 .A 
READY, since Its Buddy Task 1 .B is 
not READY. 



TasKUst 
Task1.8.B.2 



Pe$Mlt itist 
Task1.B.A 



Processor 1: Done dividing Task 1.B.B; about to execute Task 1. B.B.I 
Processor 2: Merging results of Task 1.A.1 and Task 1.A.2 



Task1.B.B.2 



Result List 

Task 1.B.A 
Task 1. A 



Processor 1: Executing Task 1.B.B.1 

Processor 2: Done forming result for Task 1.A; about (o execute Task 1.B.B.2 
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Figure 3 (Part 6 of 7) 




Taskl.B.A 
Task 1.A 
TasklB.B.1 



Processor 1: Done executing Task 1.B.B.1; about to become idle 
Processor 2: Executing Task 1.6.B.2 



Processor 1 completes Task 1.B.B.1 
(Box D); marks it READY (Box A) since 
Task1.B.B.2 Is not READY 




r I SEQ-1 



SEQ-2 



^ i SEQ-3 



TaskUst 



Result List 

Task 1.B.A 
Task 1.A 
Task 1.B.B.1 



Processor 1: Idle 

Processor 2: Done executing Task 1.B.B.2: about to merge with result for 
Task1.B.B.1 



Processor 2 completes Task 1.B.B.2 
(Box D) 




SEQ-1 



SEQ-2 



SEQ-3 




Result List 

Task 1.B.A 
Task 1. A 



Processor 1 : Idle 

Processor 2: Done merging results for Task 1.B.B.1 and Task 1.B.B.2: about to merge 
with Task 1.B.A 



Processor 2 merges result for Task 
1.B.B.1 with result for Buddy Task 
1.B.B.2, thereby computing result for 
Parent Task 1.B.B (Box E) 



t-1 
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Figure 3 (Part 7 of 7) 




SEQ-1 



SEQ-2 



SEQ-3 



Task List 



Result List 
Task 1. A 



Processor 1: Idle 

Processor 2: Done merging results for Task 1.B.6 and Task 1.B.A; about to merge 
with Task 1. A 



Since Task 1 .B.B's Buddy Task 1 .B.A is 
READY, Processor 2 merges result for 
Task 1 .B.B with result for Buddy Task 
1.B.A, thereby computing result for Parent 
Taskl.B (Box E) 




SEQ-1 



SEQ-2 



SEQ-3 



TasKUst 



Result Ust 



Taski 



Processor 1: Idle 

Processor 2: Done with final merging; now idle 



Since Task 1.B's Buddy Task 1 .A is READY, Processor 2 
merges result for Task 1 .B with result for Buddy Task 1 .A. 
thereby computing result for Parent Task 1 (Box E). This 
completes the computation, since Task 1 is the Entire 
Task and has no Buddy Task. 
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Figure 6(a): Plot of Times for Benchmarlc Example 

Parallel BLAST 
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Figure 6(b): Plot of Speedup Values for Benchmark Example 
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